ADbstract

A few space agencies are planning missions to the vicinity of the Sun — Earth
L2 libration point, some involving a system of gspacecraft forming a
distributed telescope, configured on a virtual surface about the hub and along
the focal length. In the next 10 years, a complete understanding of the
dynamics of such objects Is necessary for upcoming missions such as
MAXIM, Stellar Imager (NASA) or DARWIN (ESA).

Upon examining the dynamics of Earth-Sun system, this study focuses on the
Circular restricted three Body (CRTB) problem. Based on previous studies of
the relative motion of Earth Orbiting bodies, a Lissgjous orbit is investigated.
Different initial conditions are analyzed to find the most stable relative
motion. The solution of two symmetric, quasi-circular orbits is presented.

Analysis M ethod

With Circular Earth Orbit Relative M otion

Hill’s Equations of the Relative motion
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Linear solution of the CRTB Problem around L2 :

X(t) = x(0) cos w,t +(1/k) y(0) sin w,t

y(t) = y(0) cos w,,t +k x(0) sin w,t

Z(t) = z(0) cos w,t +[Vz(0)/w,]sin w,t

Relative motion :

X((t) — X(t) = dx(0) cos w,t +(1/k) dy(0) sin w,,t
Yi(t) — Yu(t) = dy(0) cos wt +k dx(0) sin w,,t
z,(t) — z,(t) = dz(0) cos w,t +[dVz(0)/w,]sin w,t

dx(0),dy(0),
dz(0),dVz(0)

Periodic
M otions

Stellar Imager

The Stellar Imager (Sl) is a mission to understand the various effects
of magnetic fields of stars, the dynamos that generate them, and the
internal structure and dynamics of the stars in which they exist. The

ultimate goal isto

achieve the best-
possible forecasting
of solar activity on
time scales ranging
up to decades, and |
an understanding of
the impact of stellar
magnetic  activity
on astrobiology and
lifein the Universe

TheCircular Restricted Three-Body Problem

Two massive particles move in circle around their center of mass and attract (but are not attracted by
athird particle of infinitessmal mass. The problem is to determinate its possible movements.

5 points are found in the xy plane where the
partial derivatives of the Jacobi vanish.

Equations of motion :

(T ] [ ] ab'.r
X—2y = - NSO TR P We also demonstrate that at these five points, no
x b O resultant force acts on the particle. They are
;Jr 2;; = ou M equilibrium _points_of Fhe system known as
oy M+ M, L agrange points or libration points.
~_ou 14,L2,L.3 are unstable and L4,L5 are stable.

In the set of all solutions of the problem, there
are periodic orbits around every libration point.
The most nteresting ones are Lissgjous and X
Halo orbits (elliptical shape like orbits) Jacobi curvesin the xy plane

Timeisinunitsof 1/n, and x,y,z,r,,r, arein units of Sun-Earth distance

Relative Motion In Lissajous Orbits

Minimization of the
variation of therelative

. AL
distance for : At

HO * Al
dy(0) = +k.dx(0)

dz(0) =+ sqrt(k?-1).dx(0)

dVz(0)=+ w,.dz(0)

= Two circular orbits
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‘ H‘ H l A |
‘ I |
V
I
(days]

particular solution

Small variation
of the distance
between the
two spacecr aft
for 22 days

Conclusion : Reative distance between the te escope and

the hub is stable for approximately 20 days. With control, these
particular orbits are very low-cost to maintain.

MAXIM DARWIN

Darwin will use a flotilla of six

life on Earth-like planets. This

The MAXIM  concept MAXIM Pathfinder space telescopes, each of which | <
tili X petecer Specece will be at least 1.5 meters in AT
nterfer i « diameter. Th will — work W R
interferometry to achieve 3 dame .t ey " ' g & 4
micro-arcsecond  angular ogether to scan the nearby AT i
resolution. A  NASA 500 b Universe, looking for signs of e \
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mission built around this

concept could achieve is adaunting challenge and will . \* |
resolution as fine as 300 require a  number  of . L
nano-arcseconds. This technological Innovations S

before the mission launches in

the middle of the next decade,

observing in the infrared = Y
because life on Earth leaves its .
mark at these wavelengths

resolution is 3,000 times
finer than VLBI and
300,000 times finer than
HST.




